• Modified, minimally invasive laser Doppler flowmetry (LDF) technique was validated for serial measures of tibial perfusion in mice.
Introduction
changes in bone perfusion for individual subjects, thereby improving understanding of disease 23 progression and intervention effectiveness. 24 First proposed as a tool to measure intraosseous perfusion by Nilsson et al. in 1980 [22] , 25 laser Doppler flowmetry (LDF) directs a monochromatic light source over a perfused tissue and 26 measures backscattered light from fluid movement with a photodetector to provide a relative 27 measure of blood perfusion. Perfusion is a functional measure of blood flow that is affected not 28 only by the amount and velocity of red blood cells but also capillary density, vascular permeability, 29 and flow direction [23, 24] . LDF was first used to measure blood perfusion in the cancellous bone 30 of pig mandibles by Hellem et al. in 1983 [25] and thereafter was rapidly adopted in orthopaedic 31 clinics as an intraoperative tool to aid surgeons in identifying non-viable bone for debridement in 32 patients with osteomyelitis, osteonecrosis of the femoral head, and lower limb traumatic injury 33 [23]. LDF has also been used as an endpoint measure to compare relative intraosseous perfusion 34 between groups in murine research studies [26, 27] . Recently, it was validated as a tool to quantify 35 perfusion in the mouse tibia, but the technique used in that study involved a relatively large incision 36 that resulted in inflammation at the incision site up to three months after the procedure [28]. To 37 monitor longitudinal changes in murine bone perfusion, a less invasive LDF procedure is needed 38 that will not induce significant localized inflammation or limping during gait, which could have 39 both biological and mechanical confounding effects on bone. 40 We developed a minimally invasive LDF procedure and have used it to measure changes in 41 tibial perfusion in mice in response to diet-induced obesity, ischemic stroke, and treadmill exercise Figure 6 . Example images of the incision wound site (arrows) from the weekly LDF group taken one week following the procedure. Incisions were either A) fully closed or B) closed with small, dry granulation tissue. C) Only one incision did not fully heal, but it was healed by the following week. Scale bars are 1 mm.
Circulating levels of proinflammatory marker IL-6 were below the detectable limit for all animals 200 at each timepoint, except one mouse in the endpoint sedentary group at Week 4 (52.1 pg/mL).
201
Since the lower threshold of the test is 7.8 pg/mL, and serum samples were diluted up to four times 202 to allow for duplicate measurements, serum levels of IL-6 were below 31.2 pg/mL. These levels Weekly LDF procedures did not affect gait parameters during treadmill locomotion. Limb 210 coordination did not differ between weekly and endpoint-only groups at any timepoint for either 211 sedentary or exercise groups (Fig. 7) . Sedentary groups did have small alterations in gait of tibial perfusion were similar between groups that received weekly procedures and groups that 223 received only an endpoint procedure, indicating that the procedure itself did not impact 224 measurements of intraosseous perfusion. A previous study demonstrated that LDF could be used 225 Figure 7 . Treadmill locomotion patterns involving the LDF affected limb (right hindlimb). Gait patterns were not significantly different between weekly and endpoint-only groups at any timepoint for hindlimb duty cycle ratio (A), diagonal phase dispersion (B), contralateral phase dispersion (C), or ipsilateral phase dispersion (D). Diagonal and contralateral phase dispersion were lower in exercise than sedentary groups at some timepoints. Data are presented as least squares mean ± 95% confidence interval. *p < 0.05 vs. sedentary. ^ p = 0.066 vs. sedentary.
Week 2
Week 3
Week 4 Stress, like inflammation and aerobic exercise, can also affect vascular function.
Neuropeptide Y, which is expressed during stress response, has been shown to be both angiogenic 272 and vasoconstrictive, which could increase blood pressure and the amount of vasculature in bone 273 [51]. Although we found no detectible increases in IL-6 or visible signs of inflammation at the 274 incision site, both sedentary and exercise mice had a significant increase in tibial perfusion in the 275 third week that was resolved by the fourth week. Stress may have played a role in increasing 276 perfusion in the third week; all mice were handled daily for either treadmill exercise or the 277 sedentary treadmill activity and had blood drawn weekly which could induce a stress response.
278
The increased perfusion lasted only one week and was present in both exercise and sedentary mice.
279
This study had several limitations that warrant attention in future studies. A primary 280 concern of this technique is the removal of a small area of the periosteum, a highly vascularized 
